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Immature rice grain is one of the under-valued by-products of rice milling industry. In this study, it was aimed to 
investigate the eff ects of immature rice grain fl our (IRGF) substitution to tarhana, which is a traditional cereal-based, 
fermented food product. IRGF was replaced by refi ned wheat fl our at the levels of 0 (control), 30, 50, 70, and 100%, 
and the eff ect of this replacement on the contents of crude fat, ash, protein, dietary fi bre, phytic acid, minerals, 
vitamins B1 and B2, tocopherols, γ-oryzanol contents and sensory properties were investigated. It was shown that 
stabilised IRGF remarkably improved nutritional properties of the end product without adversely aff ecting sensory 
quality up to 50%. In conclusion, it could be suggested that stabilised IRGF has a promising potential for many food 
applications due to being cheap, accessible, nutritious, and gluten-free.
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Tarhana is a traditional cereal-based, fermented food product consumed in Turkey. It is 
typically prepared by mixing yogurt, wheat fl our, yeast, and a variety of vegetables and spices 
(onions, tomatoes, paprika, salt, mint, thyme, etc.). The dough is then fermented, dried, and 
granulated. Since it has a low moisture content (around 10%) and low pH (due to the acids 
produced by lactic acid bacteria and yeasts) tarhana can be stored for 2–3 years (E  et al., 
2006). It can be readily reconstituted for soup making. The ingredients used for tarhana 
preparation can vary from region to region, however, cereals and yogurt are the main 
components (D , 2000).
Immature rice grain is one of the by-products of rice milling process. Immature rice 
grains are whole grains such as brown rice, albeit having green-yellow seed coat and / or 
being chalky and brittle. Immature rice grains are always present to some extent depending 
on mostly environmental conditions, since each rice grain in the fi eld cannot be at the same 
maturity level during harvest (B  et al., 2013). Broadly speaking, approximately 
5% of immature rice is obtained during milling. It was reported that immature rice grains 
contained higher levels of protein, reducing sugar, vitamin C, B2, B3, B6, β-carotene, total 
phenolics, total fl avonoids, dietary fi bre, tocopherols, and tocotrienols than mature grains 
(L   L , 2011; J  et al., 2013). Although they have a notable potential for use in functional 
foods and nutraceuticals, they are mainly utilised as feed due to being susceptible to rancidity. 
It was found that free fatty acid content, which is the primary measure of rancidity, of 
immature rice grain increased from 5.49% to 35.71% in 3 months of storage at room 
temperature (Y  et. al., 2018). Therefore, an eff ective stabilisation process needs to be 
employed in order to utilise immature rice grains as food rather than feed.
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The objective of this study was to investigate the physicochemical, nutritional, 
functional, and sensorial properties of tarhana made with refi ned wheat fl our partially or 
completely replaced by immature rice gran fl our.
1. Materials and methods
1.1. Materials
Immature rice grains (variety of Osmacık-97), which were separated from their mature 
counterparts by an industrial-scale thickness grader, were obtained from a rice milling plant 
in Çanakkale, Turkey (Özer Ticaret Ltd. Şti) immediately after milling. Remained impurities 
such as foreign matters and broken grains were also separated using a laboratory-scale trieur 
(CRM-1252T, Yaşar Makina, Samsun, Turkey) after their arrival to the laboratory. The 
cleaned immature rice grains were soaked in water for 10 min, were allowed to drain for 5 
min, and were stabilised using a laboratory type infrared (IR) stabilisation system, which was 
described in detail in previous studies (Y  et al., 2014a, b). Stabilisation was carried out 
at 1600 W for 4 min using medium-wave IR emitters (Heraeus Noblelight, Hanau, Germany) 
based on the outcomes of a previous study (Y  et al., 2018). IR stabilised immature 
grains were milled through a roller mill (Prodigy 4000, Bastak Inc., Ankara, Turkey) and 
sieved through 500 μm particle size sieves (Retsch AS200, Haan, Germany) to obtain IR 
stabilised immature rice grain fl our (IRGF). Other ingredients used for the preparation of 
tarhana were purchased from the local markets.
1.2. Preparation of tarhana
To prepare tarhana samples, 250 g of tomato (16%), 250 g of paprika (16%), 125 g of onion 
(8%), 300 g of yogurt (20%), 75 g of salt (5%), 5 g of instant yeast (0.33%), and 1500 g of 
refi ned wheat fl our or IRGF were used. IRGF was replaced with refi ned wheat fl our at the 
levels of 30, 50, 70, and 100% (w/w), whereas control tarhana sample did not contain IRGF 
(0%). To prepare tarhana samples under laboratory conditions; onion, tomato, and paprika 
were chopped in a food processor (Arzum, AR-132, Turkey) and blended. Then, all other 
ingredients (except for the fl our or IRGF) were added and mixed until complete 
homogenisation. After the addition of refi ned wheat fl our or IRGF, the mix was kneaded for 
10 min (Kitchen aid, Michigan, ABD), and the resulting dough samples were taken into 
covered containers (Jeio Tech, IS-971R, Seoul, Korea) and incubated at 35 °C for 3 days for 
fermentation. The fermented dough samples were dried in a convection oven at 55 °C for 
about 21 h. After the drying process, tarhana samples were ground into granulated form with 
a microniser mill (Yuhong, IC-02A, China) and sieved through 300 μm particle size sieves. 
Then, granulated tarhana samples were spread out on trays and allowed to stand at room 
temperature for about 3 days. Tarhana samples were stored in aluminium packed zip-loc 
bags. Tarhana production was repeated twice.
1.3. Proximate analyses
Moisture, crude fat, crude protein (N ×5.7), and ash contents of the samples were measured 
according to the standard methods of AACC (AACC, 2000). Soluble, insoluble, and total 
dietary fi bre contents of the samples were measured using Megazyme enzyme kits 
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(Megazyme, Wicklow, Ireland) according to the referenced procedure (AACC Method No: 
32-07) (AACC, 2000). Phytic acid content of the tarhana samples was determined according 
to the spectrophotometric AOAC method (Method No: 986.11) (AOAC, 2000).
1.4. Minerals
Mineral composition of tarhana samples was measured according to the method outlined by 
Ö  and co-workers (2018). The results were expressed as mg kg–1.
1.5. Vitamins and γ-oryzanol
Thiamine (B1) and ribofl avin (B2) contents of the tarhana samples were analysed using 
reverse phase liquid chromatography according to the validated method of Y  (2015). 
Tocopherols and γ-oryzanol were determined according to the methods explained in detail in 
a previous study (Y  et al., 2014a).
1.6. Sensory analysis
Consumer acceptance test was used to determine the sensorial properties of tarhana samples 
according to M  and co-workers (1999). Since the tarhana granules are consumed in 
the form of soup, tarhana soup was prepared to test the sensorial quality by mixing tarhana 
granules with water (1:10, g ml–1) and simmering the mixture over medium heat with constant 
stirring. Cooking was ended 5 min after boiling. Cooked soup samples were served to the 
panellists at about 70 °C in plastic cups, which were numbered with random 3-digit numbers. 
A 7-point hedonic scale, which ranged from “excellent” (7) anchored on the right and 
“terrible” (1) anchored on the left was used for evaluation. The panellists were also asked to 
rank the samples according to their preference based on overall acceptability. Panellists 
(n=63) were informed about the experiment and the use of hedonic scale before evaluation. 
A sensory panel informed-consent form was available for the panellists.
1.7. Statistical analysis
One-way ANOVA was performed to evaluate the eff ect of IRGF substitution on the noted 
properties using MINITAB (ver. 17, StatSoft, Inc., OK, USA). Tukey’s test was used for 
multiple comparisons at a signifi cance level of 0.05. Solely, the results of the sensorial 
analyses were evaluated with Kruskal–Wallis test due to being categorical data. Dunn test 
was used to diff erentiate between the mean sensory scores. All results were expressed as 
mean ± standard error.
2. Results and discussion
2.1. Proximate composition
Moisture contents of the tarhana samples ranged between 4.77% and 6.26%. Crude fat 
content of the samples showed a gradual increase with increasing IRGF substitution level 
(P<0.05). It is an expected result, since crude fat content of IRGF (4.85%) was notably higher 
than refi ned wheat fl our. Although crude protein content of control tarhana was slightly 
higher (P<0.05) than its counterparts substituted with IRGF, the variation was lower than 1%, 
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which is not practically signifi cant. Incorporation of IRGF signifi cantly increased the ash 
content of tarhana (P<0.05). Insoluble dietary fi bre content showed a gradual and remarkable 
increase with IRGF substitution (P<0.05). Replacement of refi ned wheat fl our by IRGF 
resulted an increase from 0.59% to 7.48% in insoluble dietary fi bre content of tarhana. 
However, soluble dietary fi bre content of the samples was not signifi cantly aff ected by IRGF 
substitution (P>0.05). Phytic acid content of the tarhana samples signifi cantly increased with 
increasing IRGF substitution level (P<0.05) (Table 1). Phytic acid is considered as an anti-
nutrient, primarily due to its ability to bind divalent cations, causing a decrease of their 
bioavailability. On the other hand, it is receiving increasing attention owing to its anti-cancer 
and cholesterol lowering eff ects (U  et al., 2000).
Table 1. Proximate composition of the tarhana samples
Substitution level (%)
0 (control) 30 50 70 100
Moisture (%) 6.26±0.24 4.96±0.35 4.77±0.34 5.42±0.50 5.13±0.37
Crude fat (%, d.w.) 1.58±0.07D 2.54±0.09C 3.32±0.09B 3.58±0.08B 4.64±0.14A
Crude protein (%, d.w.) 11.93±0.02A 11.80±0.04AB 11.76±0.09AB 11.81±0.31AB 10.98±0.01B
Ash (%, d.w.) 4.70±0.07B 5.64±0.52AB 6.03±0.18AB 6.30±0.13A 6.07±0.18AB
Soluble dietary fi bre (%) 3.01±0.41 3.32±0.22 2.93±0.22 2.79±0.29 2.65±0.25
Insoluble dietary fi bre (%) 0.59±0.26D 2.42±0.18C 4.11±0.26BC 5.18±0.53B 7.48±0.23A
Total dietary fi bre (%) 3.59±0.15D 5.74±0.40C 7.04±0.04BC 7.98±0.24B 10.13±0.48A
Phytic acid (mg g–1) 0.14±0.04D 0.55±0.10CD 0.71±0.05C 1.47±0.05B 2.50±0.14A
Means within each row followed by diff erent capital letters are statistically diff erent (P<0.05).
2.2. Minerals
No signifi cant change was observed in Na, Ca, and Fe contents of the tarhana samples with 
the substitution of IRGF (P>0.05). On the other hand, Mg, K, P, and Zn contents of the 
samples signifi cantly increased in varying proportions (P<0.05) (Table 2). The highest 
relative increase was observed in Mg content. Mg content of the tarhana samples made of 
IRGF (100%) was about 6-fold higher than that of samples made of refi ned wheat fl our 
(control). Besides, K, P, and Zn contents of the tarhana samples increased 54%, 146%, and 
187%, respectively, with the replacement of refi ned wheat fl our by IRGF at the level of 
100%. Mineral contents of two diff erent rice cultivars during grain development were studied 
by J  and co-workers (2013). The authors found signifi cantly higher amounts of K and Ca in 
immature grains compared to mature grains for both rice cultivars. The mineral composition 
is aff ected by many genetic and environmental factors, and therefore it is not always possible 
to generalise the results. However, it was observed that IRGF substitution clearly increased 
the mineral content of tarhana.
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2.3. Vitamins
Thiamine and ribofl avin contents of the tarhana samples ranged between 1.15–1.46 mg kg–1 
and 2.78–3.05 mg kg–1, respectively. In many studies, the concentration of thiamine was 
found to be higher than ribofl avin in either tarhana (I  et al., 1997; E , 2005) or 
rice bran / brown rice (L   S , 2006; Y   T , 2015). In a previous 
study, raw rice bran was analysed using the same analytical methodology, and it was found 
that thiamine and ribofl avin contents were 3.69 mg kg–1 and 0.09 mg kg–1, respectively 
(Y   T , 2015). Low thiamine results may be attributed to susceptibility of 
thiamine to heat. I  and co-workers (1997) found 1.5–2.2 mg kg–1 thiamine and 0.7–
0.9 mg kg–1 ribofl avin in tarhana and reported that oven-drying at 55 °C for 48 h caused about 
30% of thiamine loss, while the ribofl avin contents of the samples did not change signifi cantly. 
Similarly, we have found that IR stabilisation resulted in a signifi cant decrease (up to 42%) 
in thiamine content of rice bran, while its eff ect on ribofl avin content was statistically 
insignifi cant. Furthermore, J  and co-workers (2013) reported that ribofl avin content of 
immature rice was dramatically higher than that of mature rice. The authors studied two 
diff erent rice cultivars and found that ribofl avin contents of the samples decreased from 87.99 
μg/100 g to 2.16 μg/100 g and from 97.45 μg/100 g to 8.24 μg/100 g during rice grain 
development (from 15th to 40th day after heading). These results may explain higher ribofl avin 
levels of immature rice grain compared to thiamine. Besides, it was also observed that 
thiamine and ribofl avin contents of the tarhana samples were not signifi cantly aff ected by 
IRGF substitution (P>0.05).
Among tocopherol homologs, solely α-tocopherol could be quantifi ed in tarhana 
samples. Although β- and γ-tocopherols were also detected in the samples, their amounts 
were under the limit of quantifi cation (LOQ). In addition, δ-tocopherol could not be detected. 
Almost 3-fold higher α-tocopherol was found in tarhana made of IRGF (100%) when 
compared to control (Table 3).
Table 3. Thiamine (B1), ribofl avin (B2), tocopherol and γ-oryzanol contents of the tarhana samples (mg kg
–1)
Substitution level (%) B1 B2 α-Tocopherol γ-Oryzanol
0 (Control) 1.15±0.03 3.05±0.08 11.80±2.43B n.d.
30 1.32±0.09 2.78±0.06 12.25±2.15B 210.65±0.51D
50 1.26±0.06 2.94±0.10 18.45±6.04AB 325.00±12.50C
70 1.14±0.07 2.95±0.16 28.02±0.18A 417.70±16.80B
100 1.46±0.08 3.00±0.29 29.54±0.81A 684.80±26.90A
Means within each column followed by diff erent capital letters are statistically diff erent (P<0.05). n.d. means not 
detected
In a previous study, it was found that α-tocopherol contents of unprocessed and infrared 
stabilised (1600 W, 4 min) IRGF were 7.56 mg kg–1 and 6.12 mg kg–1, respectively (Y  
et. al., 2018). Other ingredients of the tarhana might also be contributed to α-tocopherol 
content of the end product. O’C  and co-workers (2019) reported that α-tocopherol 
content was signifi cantly higher in tarhana products containing red pepper in comparison 
with the samples, which did not contain red pepper. The authors also stated that as the 
fermented milk (yogurt) content of the experimental blends was increased there was a 
corresponding increase in α-tocopherol content of tarhana and kishk products.
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Gamma-oryzanol is mainly composed of esters of trans-ferulic acid with sterols or 
triterpenic alcohols. The most accessible natural source of γ-oryzanol is rice bran, however, 
some components of γ-oryzanol can also be found in the pericarp of other cereals such as 
wheat, rye, corn, and triticale (S , 1989). Control tarhana sample, which was made of 
100% refi ned wheat fl our, did not contain γ-oryzanol as expected. However, γ-oryzanol 
content of the tarhana samples increased proportionally and signifi cantly with increasing 
IRGF substitution level (P<0.05).
2.4. Sensory properties
Results of the consumer acceptance test are shown in Table 4. IRGF substitution signifi cantly 
aff ected all sensorial properties (P<0.05). Generally, replacement of IRGF by wheat fl our at 
the level of 50% or higher negatively aff ected sensorial acceptance. Tarhana sample made of 
100% IRGF had the lowest appearance score probably due to the greenish colour. Consistency 
scores of the tarhana samples substituted with IRGF was lower than that of control. This 
result may be related to either decreased starch content of IRGF substituted samples or the 
diff erence between the properties of wheat and rice starches. Flavour/taste of the tarhana was 
liked by the panellists up to 70% IRGF substitution level. However, the panellists gave 
dramatically lower fl avour/taste scores for tarhana samples made of 100% IRGF. Additionally, 
the panellists were asked to rank the samples based on overall acceptability. As can be seen 
from Table 4, the overall acceptability of tarhana decreased over 50% IRGF substitution level 
(P<0.05). However, it can also be seen from the results that substitution of IRGF up to 70% 
resulted in acceptable soup properties, when the sensory properties were evaluated 
individually (Table 4). Sensory quality of the soups can be improved by further studies.
Table 4. Sensory scores of the consumer acceptance test
Substitution 
level (%)
Appearance Consistency Flavour/taste Overall acceptance 
(rank)
0 (Control) 6.60±0.26A 6.06±0.23A 5.73±0.28A 2.44±0.18A
30 5.85±0.20AB 5.66±0.23AB 5.69±0.27A 2.60±0.15AB
50 6.07±0.21A 5.81±0.23A 5.63±0.25A 2.44±0.14A
70 5.76±0.22AB 5.30±0.25AB 5.14±0.29A 3.20±0.16B
100 4.98±0.22B 4.71±0.24B 3.68±0.27B 4.30±0.11C
Means within each column followed by diff erent capital letters are statistically diff erent (P<0.05).
3. Conclusions
In conclusion, the use of IRGF instead of refi ned wheat fl our in tarhana formulation provided 
additional nutritional advantages by raising the levels of minerals, insoluble dietary fi bre, and 
bioactive components such as α-tocopherol and γ-oryzanol without adversely aff ecting 
sensory quality up to 50%. Higher IRGF substitution levels may be possible if necessary 
measures are taken for sensory optimisation. Immature rice grains are one of the by-products 
of rice milling industry, and therefore procurement of immature rice grains as raw material is 
easy and cheap. However, it should be emphasized that IRGF should be stabilised before use 
for food safety reasons. Moreover, due to being gluten-free, IRGF is also a promising 
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ingredient for food products produced for celiac patients and people who have gluten 
intolerance.
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